U-Pb dating (SHRIMP) of magmatic zircons from the Northern Veporicum Permian volcanics of the Ľubietová Group yielded concordia ages of 273 ± 6 Ma and 279 ± 4 Ma. Both zircon ages correspond to the Cisuralian Epoch in the time span of Kungurian Stage. The 272 ± 4 Ma U-Pb zircon age, determined on the volcanic dyke cutting the neighbouring crystalline basement, belongs to the same stratigraphic range. The acquired age data support a contemporaneous origin of the Permian sedimentary basin with the volcanic event and the dyke formation in the crystalline basement. Based on the whole-rock geochemical composition, the studied volcanic rocks correspond to weakly alkaline suite (trachyandesite to rhyolite/dacite). They exhibit light rare earth elements enrichment (La N /Yb N = 9.5-17.7) and small negative or absent Eu anomalies (Eu/Eu* = 0.95 and 1.05 for the Permian volcanites and 0.73 for the volcanic dyke). Characteristic of these volcanites is the enrichment in Cs, Rb, Th, U, K and Pb and the depletion in Nb, Ta, Sr and Ti if compared with average primitive mantle composition. All the studied volcanic rocks have low Nb/Ta (0.29-0.38) and Nb/U (4.07 to 5.87) ratios, implying a crustal magmatic source. Based on the incompatible trace elements Ta, Th and Yb, the Permian volcanics as well as the volcanic dyke cutting the crystalline basement fall close to the boundary between active continental margin and the within-plate fields. The 358 ± 4 Ma magmatic zircon concordia age confirmed the Early Mississippian (Tournaisian) intrusion of the metatonalites in the Volchovo Valley, later blastomylonitized and covered by Permian siliciclastics.
Late Palaeozoic volcanites of the Northern Veporicum (NV) are associated either with Permian siliciclastic sediments (Ľubietová Group, Vozárová 1979) or form bodies together with microgranites and granites in the underlying crystalline complexes (Zoubek 1957; Bezák et al. 2008) . The stratigraphic evidence of the Permian age of the sedimentary rocks is based only on the observation that they are overlain by the Lower Triassic sediments. Therefore, dating of associated volcanites will help to verify their Permian age. Two zircon samples from the Harnobis volcanogenic horizon (Brusno Fm.) and one from a volcanic dyke within the Ľubietová Crystalline Complex were analysed.
The volcano-metasedimentary complex from Volchovo Valley near Polomka was originally considered to be Permian (Klinec and Vozár 1971; Klinec 1976) as supported by the poor palynomorph assemblages that were classified by Planderová and Miko (1977) as Permian. To verify the age of underlying metatonalites in the Upper Hron Valley, an additional sample from Volchovo Valley was analysed. The tonalitic blastomylonite from their
Introduction
The Western Carpathians are the east-west trending range of the European Alpides, linked to the Eastern Alps in the west and to the Eastern Carpathians in the east, consisting of several northward-stacking thick-skinned crustal-scale superunits and several cover nappe systems. They have been traditionally divided into the outer and inner structural zones (Andrusov 1968; Maheľ 1986; Biely et al. 1996a, b; Plašienka et al. 1997 and references therein). The main differences between the outer and inner zones are the timing of the Alpine nappe emplacement and the intensity of related deformational and metamorphic events. Fragments of the medium-to high-grade crystalline complexes and their late Paleozoic and Mesozoic cover are inferred as integral parts of the following tectonic units: Tatricum, Northern and Southern Veporicum, Zemplinicum, Hronicum and Northern and Southern Gemericum, from the northern margin towards the southern parts of the Inner Western Carpathians. The same is the vertical sequence of the Alpine nappe units from the bottom to the top.
footwall was ascribed either to the Permian cover or to the crystalline basement.
The main goal of this study was, using the SHRIMP U-Pb dating on zircon, to establish the absolute age of the Harnobis Volcanogenic Horizon and its stratigraphic position in the whole Permian System. An additional objective was dating the metatonalite tectonic slice overthrusting the northveporic micaschists in the Upper Hron River Valley.
Geological setting

Western Carpathians
The north-vergent nappe system that affected Palaeozoic to Tertiary rocks is the principal feature of the Western Carpathians tectonic structure. The Western Carpathians are divided into two main tectonic zones with a contrasting history and a specific structural character: the Inner Western Carpathians (IWC) in the south and the Outer Western Carpathians (OWC) in the north. A narrow Klippen Belt rims the contact of the Inner and Outer Western Carpathians, usually considered as a part of the latter (Biely et al. 1996a and references therein). The age of the main Alpine events and the intensity of deformation and metamorphic grade are the main differences between the individual structural zones. These are: i) Internal Zone (IWC) that consists of the rocks affected by the Late Jurassic HP/ LT (subduction) event and Early/Middle Cretaceous collision, followed by nappe stacking. This pre-Late Cretaceous nappe system includes the crystalline massifs with their Late Paleozoic Mesozoic cover sequences. ii) External zone (OWC) that underwent Late Cretaceous/ Early Palaeocene to the Oligocene/Early Miocene subduction/accretion and collision events (Biely et al. 1996a; Plašienka 1998 and references therein) .
Characteristic features of the Inner Western Carpathian units are: abundant pre-Late Carboniferous crystalline rocks (ortho-and paragneisses, amphibolites, migmatites, mica schists and granitoids), Late Paleozoic coarse-grained continental sediments and volcanites, carbonate Mesozoic complexes, and post-nappe Upper Cretaceous to Neogene cover. Specific members are tectonic outliers of the low-grade metamorphic rocks of Silurian-Devonian age (Bajaník et al. 1979; Miko 1981) . Their thrusting over the crystalline basement was the result of Late Variscan collision, because both are covered by Permian post-collisional rock sequence (Vozárová and Vozár 1988; Putiš 1991; Biely et al. 1996b) .
The pre-Late Cretaceous structure is formed by two types of nappe units. The first consists of pre-Late Carboniferous basement overlain by Late Palaeozoic and Mesozoic envelope sequences. This group of nappes comprises the Tatricum, Veporicum (including Zemplinicum) and the Gemericum megaunits. The second type is represented by rootless nappes composed dominantly of Mesozoic, and in some cases of Late Palaeozoic, rocks. This group consists of the Krížna nappe (Fatricum Unit), Choč and Šturec nappes (Hronicum Unit) and the structurally highest nappes, the Silicicum, Turnaicum and Meliaticum units (for further information see Andrusov 1968; Maheľ and Buday eds 1968; Kozur and Mock 1973 Mišík et al.1985; Maheľ 1986; Biely et al. 1996a, b; Plašienka 1998 and references therein).
Characteristics of the Veporicum Megaunit
The Veporicum Megaunit was divided into two subunits: a) the Northern Veporicum with Permian red-beds and the "Carpathian Keuper" in the Triassic sequence, and the Jurassic-Early Cretaceous succession; b) the Southern Veporicum with continental Upper Pennsylvanian-Permian sediments, Middle Triassic platform carbonates and Upper Triassic carbonates and black shales instead of the "Carpathian Keuper" facies (Vozárová and Vozár 1988; Biely et al. 1996a; Plašienka et al. 1997) .
The tectonic contact between the Southern and Northern Veporicum units is represented by the Pohorelá Line in present geological maps. The Northern Veporicum is considered to be the root zone of the Krížna nappe s. l. on the Fatricum Unit (Jaroš 1969; Andrusov et al. 1973; Biely et al. 1996a) .
Lithostratigraphy of the Northern Veporicum Permian sequence. Permian basins of the Northern Veporicum Zone were filled with continental volcano-sedimentary formations. They covered the underlying crystalline rock complexes with distinct unconformity and are separated by a hiatus and unconformity from the overlying Lower Triassic sediments.
The Permian sequence, as the basal part of the northveporic crystalline basement cover, is represented by the Ľubietová Group (Vozárová 1979 ) that comprises the lower Brusno and the upper Predajná formations (BF and PF, respectively). The consequence of northwestward overthrusting of the northveporic crystalline complexes was a tectonic reduction of the BF basal part (see tectonic profiles in Vozár 1965). The autochthonous position of the Ľubietová Group in relation to the northveporic crystalline basement has been proven by the provenance of clastic sediments in both formations (Vozárová 1979) .
Principal lithostratigraphic characteristics of the BF are: i) dominant arkosic sediments and ii) presence of the Harnobis Volcanogenic Horizon (HVH) in the middle part. Generally, the BF consists of multiple repeating of tabular bodies of sandstones and fine-grained sandy conglomerates of variable thickness. Erosive contacts are frequent. The colour of sediments is uniform, mostly light-grey and light greenish-grey. The variable thickness (150-700 m) of the BF was controlled mainly by syn-sedimentary tectonics, and then by tectonic reduction due to the Alpine nappe stacking and overthrusting. Sediments of the BF indicate an environment of low-sinuosity rivers characterised by network of braided distributary channels transporting abundant coarse-sandy material. Frequent washouts, erosive channels as well as poorly preserved fine-grained sediments are taken as an evidence of quick and chaotic changes of braided channels with autocyclic erosive processes.
The HVH horizon is 150-200 m thick. It consists mostly of dacite-andesite effusions associated with prevalent pyroclastic tuffs (ignimbrites). Volcanic effusions are generally less frequent; some occur in the form of horizontal subsurface dykes. Volcanites are green-grey, green, and sometimes violet-grey.
The BF is unconformably overlain by the coarsegrained sediments of the PF. This unit reflects a conspicuous change in both the drainage system and the source area reflected in different petrographic composition of the clastic sediments. The PF is composed of variegated conglomerates, sandstones and shales with a thickness about 300-400 m. The principal characteristics of the PF are: i) megacyclic arrangement of the whole sequence; ii) conspicuous vertical and lateral changes in lithofacies; iii) polymictic clastic material; iv) absence of syn-sedimentary volcanic activity and the presence of reworked fragments derived from the underlying HVH volcanites. Ilavský et al. (1994) presented a biostratigraphic evidence for the Permian age of both formations, based on pollen and spores determined by Planderová, from the borehole Lu-3 near Ľubietová Village.
Metatonalites of Volchovo Valley. Klinec (1976) correlated this rock complex with the Permian volcanic sequence of the Northern Veporicum, although this remains problematic. The detailed geological map of Putiš (1991) documented that a Permian volcano-sedimentary complex covers the tectonic slices of the Sihla southveporic granite-tonalite pluton, tectonically overlying northveporic micaschist basement. Therefore, Putiš (1991) correlated the Permian-Triassic cover of tonalites between Polomka and Heľpa with the southveporic Foederata Group sequence. Similar northveporic basement micaschists were correlated either with the low-grade metamorphic Early Paleozoic succession (Miko 1981; Korikovskij and Miko 1992) or they were considered as retrogressed paragneisses (Kubíny 1959; Zoubek 1957; Maheľ et al. 1964; Kamenický 1968; Maheľ and Buday eds 1968) . U-Pb zircon dating of the northveporic acid to intermediate volcanic and subvolcanic rocks in Ľubietová and Bacúch (Jánov Grúň) areas determined a Permian age of this volcano-sedimentary complex (258 ± 2, 263 ± 3, 272 ± 10 Ma; Kotov et al. 1996) . These rock complexes show low-temperature and medium-pressure metamorphic overprint (Korikovsky et al. 1997 ) of the Late Cretaceous age according to "phengitic" white mica 40 Ar/ 39 Ar dating (78 ± 1.3 Ma and 84 ± 3 Ma Ma, respectively; Kohút et al. 2000; Putiš et al. 2009a) . No remnants of Devonian lowgrade metaigneous rocks were confirmed from the northveporic area by the newer SHRIMP U-Pb zircon dating (older zircon ages 525-480 Ma and younger 480-440 Ma, Putiš et al. 2008 Putiš et al. , 2009b .
Analytical methods
Zircons have been separated from rocks by standard grinding, heavy liquid (bromoform) and magnetic separation procedures. The selected crystals were mounted in the epoxy resin with chips of the TEMORA (Middledale Gabbroic Diorite, New South Wales, Australia; Black et al. 2003) and 91500 (Wiedenbeck et al. 1995) reference zircons. The zircons were imaged by optical microscopy, back-scattered electrons (BSE) and cathodoluminescence (CL), in order to guide the analytical spots positioning. In situ U-Pb analyses were performed on a SHRIMP-II in the Centre of Isotopic Research (CIR) at VSEGEI, St.-Petersburg, Russia, applying a secondary electron multiplier in peak-jumping mode following the procedure described by Williams (1998) and Larionov et al. (2004) . Each analysis consisted of five scans through the 196-254 AMU mass range; analytical pit diameter was ~25 µm, with primary beam intensity of c. 6 nA. The primary beam size allowed analysis of c. 27 × 20 μm area. The 80 μm wide ion source slit, in combination with a 100 μm multiplier slit, allowed mass-resolution M/ΔM > 5000 (1% valley); hence, all the possible isobaric interferences were resolved. The following ion species were measured in the sequence: 196 (Black et al. 2003) . The 91500 zircon (Wiedenbeck et al. 1995) was applied as "U-concentration" standard.
The data have been reduced in a manner similar to that described by Williams (1998, and references therein), using the SQUID Excel Macro of Ludwig (2005a) . The Pb/U ratios have been normalized relative to the value of 0.0668 for the 206 Pb/ 238 U ratio of the TEMORA reference zircons, equivalent to the age of 416.75 Ma (Black et al. 2003) . Common lead was corrected using the measured ratio of 204 Pb/ 206 Pb (Stacey and Kramers 1975) . Age calculations and plotting was done with ISOPLOT/EX (Ludwig 2005b). Uncertainties given for individual analyses (ratios and ages) are at the one σ level; however, the uncertainties in calculated concordia ages are reported at two σ levels.
All dated samples were analysed for whole-rock composition in ACME Laboratories Ltd., Vancouver, Canada (http://www.acmelab.com; codes: 4A & B -Whole-Rock Analysis Major and Trace Elements). Following a lithium metaborate/tetraborate fusion and dilute nitric digestion, major elements were analyzed by inductively coupled plasma optical spectrometry (ICP-OES) and trace elements (including rare earth elements, REE) by inductively coupled plasma mass spectrometry (ICP-MS). The precision was checked using geological standard materials and it is estimated to be ± 1 % (1σ) for major elements (except ± 3 % for P 2 O 5 ), and ± 10 % for trace elements.
Sample characteristics
Two samples have been collected from the HVH volcanites for zircon dating ( The last sample, VO-1, comes from a narrow zone of metatonalites covered by inferred Permian metaclastics south of the Hron River between Polomka and Heľpa villages (Fig. 1b) . It was collected from the mouth of the Volchovo Valley, south of the Polomka Village, 627 m a.s.l., GPS : N 48°45'802", E 19°52'192". 
Petrographic features and chemical composition
Petrography
The H-1 and H-2 volcanic rocks display an ignimbritic structure and texture variably consisting of flattened pumice, recrystallized fragments of glass, felsitic rock fragments and various broken crystals. The rocks are irregularly foliated, showing a recrystallization of the originally glassy groundmass. Broken and corroded quartz, plagioclase and highly altered biotite are dominant. Biotite crystals show marked chloritization and hematitisation, associated with patches of Fe-oxy-hydroxide. Locally, relics of mafic crystals are present, totally altered to aggregate of chlorite, epidote and titanite that may indicate amphibole as the possible reaction precursor. The euhedral to anhedral plagioclases are broken and very often deformed along foliation planes, intensively altered to albite and replaced by secondary muscovite. Scarce K-feldspar phenocrysts are perthitic. Occasional calcite and epidote grains were identified among secondary minerals; zircon, apatite and allanite are the common accessories.
On the contrary, the sample H-3 displays the volcanic, porphyritic or glomerophyric texture, with fine-grained, deformed and partly foliated groundmass. Quartz and plagioclase are dominant phenocrysts, associated with the relics of highly altered biotite and subordinate K-feldspar. The orthoclase phenocrysts include exsolved lamellae of albitic feldspar. All crystals in this volcanic dyke show magmatic corrosion features, i.e. embayed quartz and relics of sieve texture in plagioclase. Plagioclase grains have albitic rims enclosing the saussuritized primary An-rich cores. Individual quartz and feldspars crystals are rounded by resorption. The sieve microtexture of plagioclases is usually interpreted as resulting from magma mixing, but it may also originate by rapid decompression, when the heat loss is minor due to a high ascent rate (Nelson and Montana 1992 and references therein).
Generally, the groundmass of all three samples (H-1, H-2 and H-3) is only slightly foliated and deformed. Recrystallization is documented by the newly-formed aggregates of muscovite, quartz and, less frequently, chlorite, epidote and calcite. Secondary alteration is documented by the complete alteration of plagioclase to albite or saussurite mixture and total chloritization and/or baueritization of biotite. The amphibole phantom phenocrysts were replaced by a mixture of epidote, chlorite, and titanite, occasionally with apatite and allanite inclusions.
The sample VO-1 displays a lepidogranoblastic texture, whereby the high degree of its recrystallization correlates with a distinct foliation and crenulation cleavage. Blastomylonitic foliation is marked by alternating bands of different mineralogical composition (rich in quartzalbite and mica). The cleavage domains are marked by concentrations of fine-grained white mica aggregates and/ or opaque mineral substance, identified as fine crystals of magnetite/Ti-magnetite. Zircon, apatite, tourmaline and rutile were detected among accessory minerals. The newly-formed white mica from granitoid blastomylonites and of the Permian cover metaclastics was dated at 84 ± 3 Ma by 40 Ar/ 39 Ar method (Putiš et al. 2009a ).
Geochemistry
All studied rocks underwent a significant degree of metasomatism and secondary alteration (Tab. 1). This is reflected especially by LOI values, which vary from 2.0 to 2.5 wt. %. Therefore, all major-element analyses were recalculated on a volatile-free basis. The major oxides show 1.3-1.5 wt. % MgO and 67.7-70.5 wt. % SiO 2 . As the sample VO-1 represents a strongly blastomylonitized tonalite, its geochemical characteristics were plotted in diagrams together with the volcanic rocks. The studied volcanites belong to the peraluminous group, with ratios of A/NK = 1.37-1.51 and A/CNK = 1.11-1.13 (samples H-1, 2, 3) and 1.77 and 1.68 respectively (VO-1). Consequently, the classification of studied rocks as well as the discussion of whole-rock geochemistry mainly focuses on relatively immobile elements such as Ti, Th, U, Zr, Nb, Ta, Y and REE. In the Zr/TiO 2 vs. Nb/Y diagram (Winchester and Floyd 1977 ) the samples diagram (Fig. 3b) these rocks are enriched in Cs, Rb, Th, U, K and Pb (Pb with exception of the sample H-3) and depleted in Nb, Ta, Sr and Ti.
Generally, all the studied volcanic rocks have low Nb N /Ta N ratios (0.52-0.77). These values are near to the 0.71 crustal ratio (Rudnick and Fountain 1995) , implying that crustal material has been involved in their magmatic source. Equally, the crustal involvement is indicated by low Nb/U ratios, ranging from 4.1 to 5.9 (9.7 value for continental crust according to Rudnick and Fountain 1995) .
Gorton and Schandl (2000) proposed a series of geotectonic diagrams for acid and intermediate volcanic rocks based on concentrations of the incompatible trace elements Ta, Th and Yb. They also revised the Th/Yb vs. Ta/Yb diagram of Pearce (1983) and divided it into three tectonic fields: oceanic islands (OA), active continental margins (ACM) and within-plate volcanic zones (WPVZ). The HVH volcanites (samples H-1, H-2) as well as the volcanic dyke (H-3) straddle the boundary between the ACM and WPVZ volcanites (Fig. 4) . They have relatively low Th/Ta values (6.8-6.9 and 10.0, respectively). Compared to the other samples, the VO-1 blastomylonite reliably plots in the ACM field.
Zircon age data
The presence of the xenocrystic zircon is a common feature of all studied samples (Fig. 5) . Most zircon xenocrysts occur as cores mantled by newly grown magmatic zircon rims but some are unmantled, subrounded or even euhedral grains. This indicates an incorporation into magma during the late-stage crystallization, with too little time for corrosion and overgrowths (Corfu et al. 2003) . The xenocrystic zircon cores are distinguished from their rims by irregular surfaces, which truncate internal zoning and separate the subrounded or chaotically zoned cores from growth-zoned rims. The rims are darker than the cores, indicating U enrichment (Hanchar and Miller 1993; Poller et al. 2001) (Fig. 5) .
Zircon dating from the samples H-1 and H-2 documents the Cisuralian (early Permian) age of the Harnobis volcanogenic horizon (Tabs 2-3) with concordia ages of 273 ± 6 Ma and 279 ± 4 Ma (Figs 6-7) respectively (Kungurian). The outermost zones of magmatic zircons yielded a concordia age of 244 ± 6 Ma (Fig. 6) , which might reflect a reheating during the Alpine extension and possible Pb-loss. The concordia zircon age from the dyke of the Kelemen's tunnel area, sample H-3, confirmed the Kungurian age -272 ± 4 Ma as well (Fig. 8) . In all three samples xenocrystic cores were found within magmatic zircons yielding the following concordia ages: 352 ± 15 Ma, 458 ± 14 Ma, 501 ± 21 Ma, 655 ± 19 Ma, 659 ± 18 Ma, H-1, H-2 and H-3 straddle the boundary of the alkaline series (the rhyolite/dacite and trachyandesite fields) while the sample VO-1 is subalkaline (Fig. 2) .
In the chondrite-normalized REE diagram these volcanic rocks (Fig. 3a) exhibit enrichment of light REE (LREE) and relative depletion of heavy REE (HREE) (La N /Yb N = 9.5-17.7) and small or no negative Eu anomalies (H-1 and H-2 = 0.95 and 1.05; H-3 = 0.73; VO-1 = 0.75). In the primitive-mantle normalized trace-element (1/2) 821 ± 34 Ma, 939 ± 25 Ma, 971 ± 26 Ma, as well as one Archean age of ~2.7 Ga (Tabs 2-4). These ages document the presence of multiple zircon core formation events and/or varying degrees of Pb loss.
The concordia age from the metatonalites of Volchovo Valley (sample VO-1) confirms the Early Mississippian (Tournaisian) age, 358 ± 4 Ma (Fig. 9) . In addition xenocrystic cores were identified, yielding an Early Cambrian concordia age -516.7 ± 8.6 Ma (Tab. 5). The Early Mississippian (Tournaisian) age of magmatic zircons from metatonalite slices at the mouth of the Volchovo Valley is compatible with zircon ages of the Vepor pluton granitic rocks, including the Sihla-type tonalites (350 ± 4. 
Discussion
A Permian age of the HVH volcanites was presumed based on their (i) occurrence inside of the coarsegrained arkosic continental deposits, and (ii) superposition between the Ľubietová Zone crystalline basement and the quartzitic Lower Triassic sediments (Zoubek 1936 (Zoubek , 1957 Maheľ et al. 1964 , Kamenický 1977 Vozár 1979; Vozárová 1979) . The newly obtained in situ U-Pb magmatic zircon ages, on average c. 275 Ma, enable us to assign the HVH volcanic rocks to the uppermost Cisuralian, accurately in the Kungurian (according to the International Stratigraphic Chart 2014). The similar 272 ± 4 Ma U-Pb zircon age, obtained from the volcanic dyke cutting the crystalline basement, belongs also to the Kungurian (Fig. 10) .
These ages agree well with zircon and monazite ages of the Permian volcanic horizons from the Southern and Northern Gemericum Units, in which the Kungurian volcanic event was dominant (CHIME monazite age 278 ± 10 Ma -Rojkovič and Konečný 2005; monazite age 276 ± 25 Correspondingly, rhyodacites and associated ignimbrites are widespread at the top of the Cisuralian succession in the Eastern and Southern Alps and are correlated with the Bolzano Volcanic Complex (Cortesogno et al. 1998; Klötzli et al. 2003; McCann et al. 2008; Cassinis et al. 2012 and references therein) . Similarly, the Cisuralian volcanism was also documented in the Mecsek and Apuseni Mts. (Balogh and Kovách 1973; Bleahu et al. 1981; Stan 1984; Seghedi et al. 2001; Nicolae et al. 2014) , in the Bucovinian-Getic and Danubian nappe systems within the Eastern and Southern Carpathians (Stan 1987; Kräutner 1997) , as well as in the Serbian CarpathoBalkanides (Krstić and Karamata 1992) and Bulgarian Balkanides (Cortesogno et al. 2004) . In all these areas all the Cisuralian volcanic activity was strictly connected with extensional tectonic events.
Generally, the Late Paleozoic-Early Triassic time was marked by the transition from the Variscan orogeny to the Alpine tectono-sedimentary cycle, which was induced by opening of the Neotethys Ocean (Ziegler et al. 1997; Ziegler and Stampfli 2001; Stampfli and Borell 2002; Torsvik and Cocks 2004) . These plate tectonic reconstructions show a continent-continent collision in the western and central European realms and at its southeastern edge a Paleotethys oceanic plate subduction towards the N and NW, beneath the Laurussia plate. According to the palaeotectonic reconstruction of Cassinis et al. (2012) for the Mediterranean region, the subduction of the Paleotethys oceanic ridge beneath the Eurasia margin created a triple junction and induced a progressive transformation of the Variscan chain from a convergent margin to a diffuse dextral transform margin, progressively affected by transtension and crustal thinning.
The progressive change of the collisional to dextral shear deformation is characteristic also of the Variscan Western Carpathians. The regional dextral shear movement was responsible for derivation of the uppermost Pennsylvanian and/or Cisuralian strike-slip and transtensional sedimentary basins. In general, alluvial-tolacustrine continental deposition was coupled with a magmatic activity of sub-alkaline to weakly alkaline composition. From the paleogeographic point of view, the Late Palaeozoic sedimentary basins migrated with time from the SE to NW, i.e. from the current Internal to the Central Western Carpathians (Vozárová 1998) .
The new U-Pb zircon ages from the HVH volcanic rocks enable dating the beginning of the Variscan postorogenic sedimentation in the Northern Veporicum realm to the uppermost Cisuralian -Kungurian. The basal Brusno Fm. overlaps unconformably the Variscan crystalline basement that consists mostly of migmatites and granitoid rocks. They were the supposed source for the Brusno Fm. deposits, as it is reflected in their arkosic composition (Vozárová 1979) .
Strike-slip and normal faults were caused by the dextral shear movement and triggered Kungurian sedimentation in the Northern Veporicum sedimentary basin, and above that, largely wrecked underlying crystalline basement. Thus the HVH volcanic event was connected with the coeval system of volcanic and subvolcanic dykes with some small intrusions into the crystalline basement (Petrík et al. 1995; Bezák et al. 2008 and references therein). Bezák et al. (2008) documented 240 ± 22 Ma and 260 ± 12 Ma CHIME monazite ages from the trondhjemite body between Beňuš and Braväcovo villages, N of the Hron River. The origin of magma in the 283-249 Ma time range was confirmed also by the LA-ICP-MS zircon dating of the same authors. The 269 ± 9 Ma monazite isochron age of the granite porphyry from Osrblie clearly indicates the Guadalupian Epoch (Bezák at al. 2008) . These data are near the Permian-Triassic LA-ICP-MS U-Pb zircon ages of 238.6 ± 1.4 Ma for the Hrončok granite by Putiš et al. (2000) , as well as to 267 ± 2 Ma SHRIMP zircon age by Uher et al. (2008) . Similarly, Permian ages were documented for the small acid intrusives at the southern slopes of the Kráľová hoľa Mt. (Finger et al. 2003; Gaab et al. 2005 ). This Permian plutonism was associated also with the low-grade metamorphism at 278 ± 5 and 275 ± 12 Ma (CHIME monazite dating) within the metapelitic members of the crystalline basement (Jeřábek et al. 2008) .
The dextral shear tectonic regime gradually changed to an extensional during the Guadalupian and Lopingian and due to this, the magmatic activity was gradually continued and connected with a regional reheating. Evidence provide the above-mentioned Permian/Triassic isotopic magmatic ages (Bezák et al. 2008; Putiš et al. 2000) , as well as in the newly obtained zircon age of 244 ± 6 Ma for the sample H-1 indicative of diffusion and/or fluid-driven dissolution-reprecipitation with the Pb-loss.
Distinct change in the tectonic regime is documented by the gap in sedimentation between the Brusno and Predajná formations. It reflects a structural rearrangement of the sedimentary basin, i.e. a change of transport directions and depocentres, as well as the later reworking of the HVH volcanic rocks as well as fragments from the intra-crystalline volcanic dykes into the basal conglomerates of the Predajná Fm. (Vozárová 1979) .
The exact durations of the sedimentation and stratigraphic gap between the Brusno and Predajná formations is uncertain, due to the lack of biostratigraphic markers. The overlying Lower Triassic sediments rest upon the different lithological horizons of the Predajná Fm. unconformably (Vozárová 1979) . The intra-Permian disconformity between both formations was most likely caused by a deformation pulse, which induced faulting, uplift and erosion or break in sedimentation. It can be related to the so-called "Mid-Permian Episode" of Deroin and Bonin (2003) and may have been synchronous with the Guadalupian geomagnetic "Illawara Reversal" event (Menning 1995 (Menning , 2001 ). The two regional sedimentary cycles within the post-Variscan sequences were described in the Eastern Alps (Krainer 1993; Vozárová et al. 2009b and references therein), in the Southern Alps as well as in the peri-Mediterranean realm (Cassinis et al. 2012 and references therein). Generally it is considered that the Guadalupian-Lopingian tectonic event was linked to the substantial plate reorganisation, leading to the opening of the Neotethys Ocean (Ziegler and Stampfli 2001; Vai 2003; Muttoni et al. 2009; Cassinis et al. 2012 ) and the Pangaea breakup (Isozaki 2009).
In contrast, the 358 ± 4 Ma zircon age from the metatonalites of the Volchovo Valley (sample VO-1) is quite consistent with the zircon magmatic ages from the Vepor Pluton (Gaab et al. 2005; Kohút et al. 2008) . The pebbles of metavolcanic rocks, cataclastically deformed microgranites as well as tourmaline-bearing rocks and tourmalinites were found in the basal conglomerates of the Predajná Fm. (Vozárová-Minarovičová 1966; Vozárová 1979) . This material could have been derived from the retrogressed crystalline basement.
Conclusions
Dacites/trachyandesites from the Harnobis Volcanogenic Horizon of the Brusno Fm. sequence yielded 273 and 279 Ma (Kungurian) ages. These volcanic rocks were contemporaneous with sedimentation of the associated Brusno Fm. arkoses verifying that the Northern Veporicum Permian sedimentary basin was established during the latest Kungurian, and was one of the latest compared to other dextral-shearing-related Permian basins of the Western Carpathians.
Intrusion of magmatic dykes to the crystalline basement was coeval with sedimentation in the Northern Veporicum Permian basin, as documented by the 272 Ma zircon age of the trachyandesite dyke from the Kelemenʼs tunnel. The reworking of the volcanic lenses and volcanic dykes to the basal conglomerates of the overlying Predajná Fm. indicates a break in sedimentation and a stratigraphic gap at Guadalupian.
From the geochemical point of view, the studied Kungurian volcanic and sub-volcanic rocks have a weak alkaline character with an affinity to continental withinplate tectonic setting.
Based on the c. 358 Ma zircon age, the metatonalite (sample VO-1) is time equivalent of the Variscan Vepor Pluton. The studied rock shows a calk-alkaline character with the affinity to an active continental margin tectonic setting.
